Background Contemporary heart failure medications have led to considerable improvement in the survival of patients with heart failure. However, limited evidence is available regarding the effect of those medications in patients with idiopathic dilated cardiomyopathy (IDCM), particularly in China. We sought to analyze the trends in clinical characteristics and the prescription rate of recommended therapies and its prognostic impact in patients with IDCM. Methods From 2009 to 2016, 1441 consecutive patients (age: 55±14 years, 68% men, LVEF: 33% ± 12%) fulfilling World Health Organization criteria for IDCM were enrolled in the current retrospective cohort study. Temporal trends of baseline clinical characteristics, treatment and prognosis were analyzed, and potential influential factors were explored. Results Rates of patients receiving angiotensin-converting enzyme inhibitors/angiotensin II receptors blockers, β-blockers, aldosterone receptor antagonists and diuretics increased from 55%, 45%, 58%, 51% in 2009 to 67%, 69%, 71%, 64% in 2016, respectively (P < 0.05); whereas, the proportion of patients receiving digoxin decreased from 39% in 2009 to 28% in 2016 (P < 0.05). The overall proportion of patients with optimal guideline-directed medical therapy (GDMT) was 44.6%; however, that rate increased from 33% in 2009 to 41%, 49% and 56% in 2012, 2014 and 2016 respectively (P < 0.05). Patients with optimal GDMT had a better outcome than those without, but there was no temporal trend toward improvement in the overall long-term prognosis of IDCM patients with the years. There was a trend towards admission of patients with milder disease and toward increased admission to a cardiology ward with the years. Conclusions An improvement in prescription rates of guideline-recommended medications in IDCM patients was observed. However, it remains suboptimal, and there is still some room for improvement. The prognosis of patients with optimal GDMT was better than those without. Moreover, the following patient category also had an improved prognosis: patients with LVEF ≥ 40%, with device therapy, and those admitted to a cardiology ward.
Introduction


Idiopathic dilated cardiomyopathy (IDCM) is a primary heart muscle disease characterized by dilatation and systolic dysfunction of the left or both ventricles. [1, 2] IDCM represents a frequent cause of heart failure (HF), in most multicenter randomized controlled trials (RCTs) and registries in HF, around 20% to 40% of enrolled patients have DCM. [3] [4] [5] [6] Several RCTs have shown a favorable effect of angiotensin-converting enzyme inhibitors (ACEI), angiotensin II receptors blockers (ARB), β-blockers and aldosterone receptor antagonists on the prognosis of HF patients including those with IDCM, and hence became the background therapy in IDCM. [3, 4, 6, 7] Similarly, several observational studies reported that an evidence-based therapeutic approach has improved the long-term prognosis of IDCM. [8] [9] [10] However, previous HF surveys have identified an apparent gap between clinical trials and daily practice characterized by suboptimal use of recommended medications, ACEIs and β-blockers in particular. [11, 12] In China, there is limited evidence concerning the current status of the treatment and prognosis of patients with IDCM following the emergence of recent trial evidence and updated international guidelines. The purpose of the present study was to analyze the temporal trends in baseline clinical characteristics, treatment and prognosis of a considerable cohort of consecutively hospitalized and angiographically negative patients with IDCM, and to identify the factors that may impact the implementation of optimal guideline-directed medical therapy (GDMT) and factors that may influence survival. The results indicated that the prescription rates of guideline-recommended medications are increasing and improving the prognosis in http://www.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology IDCM patients, but it remains suboptimal, and a standardized therapeutic platform should be implemented to guide the treatment.
Methods
Study population
The comprehensive referral center for cardiomyopathies has been well-established for more than a decade in West China Hospital of Sichuan University, a large multispecialty tertiary hospital with > 4000 beds. This is a retrospective study of 2044 consecutive patients who presented with signs and symptoms of decompensated chronic or a mixture of both acute and chronic HF and were hospitalized at West China Hospital of Sichuan University from January 2009 to May 2016 with a discharge diagnosis of IDCM. In 603 patients, the cause of DCM was found to be secondary to ischemic heart disease, hypertension, valvular heart disease, congenital heart diseases, diabetes mellitus, heavy alcohol consumption, chemotherapy, or other cardiac or systemic diseases. The remaining 1441 were classified as IDCM, according to the World Health Organization criteria and on the basis of negative coronary angiography. Enrolled patients presented with left ventricular ejection fraction (LVEF) < 50% at baseline in the absence of chronic increased afterload (i.e., aortic stenosis or hypertension), or volume overload (i.e., primary mitral regurgitation or congenital heart disease), and the absence of significant coronary artery disease sufficient to cause global systolic dysfunction, advanced systemic disease, pericardial diseases, active myocarditis, and congenital heart diseases. Patients were also excluded if they had other forms of cardiomyopathy (i.e., hypertrophic cardiomyopathy) and patients with transplanted heart; or if they were aged less than 18 years.
Data were derived from the hospital electronic medical record system and the following data were retrospectively abstracted: patients' demographic data (age, sex, body weight and height), clinical status during admission [vital signs, routine laboratory tests, electrocardiography, echocardiography, coronary angiography, New York Heart Association (NYHA) functional class, the primary diagnosis, type of hospital ward and date of admission], the clinical status at discharge (discharge medications, device therapy and discharge diagnosis). The temporal trends in the prescription rate of pharmacological and device therapy, and whether they meet the guideline recommendations were analyzed based on the year of admission from 2009 through 2016. Patients were then divided into two groups, 617 (44.6%) patients with optimal GDMT, and 766 (55.4%) patients with non-optimal GDMT, and the two groups were compared in terms of prognosis. Optimal GDMT was defined as the prescription of ACEI/ARB, β-blockers, and aldosterone receptor antagonist (three drugs) for all IDCM patients with LVEF of ≤ 35%, and ACEI/ARB plus β-blockers (two drugs) for those with LVEF > 35%. Nonoptimal GDMT was considered if the above conditions were not met. [13] [14] [15] In our institution, device therapy including implantable cardioverter defibrillator (ICD) and cardiac resynchronization therapy (CRT) implantation has been performed prior to the beginning of the current study and practiced according to guidelines regarding this issue.
All procedures performed in the present study were in accordance with the ethical standards of the institutional research committee of West China Hospital of Sichuan University. Informed consent was taken from all the patients at the time of admission to the hospital.
Follow-up
Endpoint of the study was all-cause mortality. The mean follow-up was 35.2 months. The follow-up data were obtained by regular visits to our hospital, chart reviews, and telephone contact with the patients or their families. Out of 1441 patients, 58 died in the hospital, and 241 were lost to follow-up. Finally, 1383 patients were included for the treatment analysis and 1142 for the prognosis evaluation. The study closed in May 2016. In patients who died, end of follow-up was considered as the time of death.
Statistical analysis
The quantitative variables with normal distribution were presented as mean ± standard deviation (SD), median was used for quantitative variables with skewed distribution and the number (percentage) for categorical variables. Baseline comparisons between groups were made using ShapiroWilk tests to assess the normality of distribution and homogeneity of variance for quantitative variables. To compare groups, Student's t-test or two-way analysis of variance (ANOVA) for continuous and discrete variables with normal distribution were applied. Student-Newman-Keuls method was used for multiple comparisons. The Wilcoxon rank sum test was used to assess quantitative data of skewed distribution or non-homogenous variance. For categorical variables, chi-square test or Fisher's exact test as appropriate was applied for comparisons. Survival estimates curves were obtained using Kaplan-Meier method. The multivariate Cox proportional hazards model was used to analyze the relationship between survival and prognostic indices. The following variables were included in the multivariable Journal of Geriatric Cardiology | jgc@jgc301.com; http://www.jgc301.com analysis: sex, age ≥ 50 years, optimal GDMT, device therapy, LVEF ≥ 40%, systolic blood pressure (SBP) < 100 mmHg, diastolic blood pressure (DBP) < 60 mmHg, Heart rate (HR) < 60 beats per minute (bpm), moderate to severe mitral regurgitation (MR), NYHA class IIIIV, chronic kidney disease (CKD), chronic obstructive pulmonary disease (COPD), admission to cardiology ward, IDCM as the primary diagnosis, left bundle-branch block (LBBB), atrioventricular block (AVB), admission to intensive coronary care unit (ICCU), intravenous (IV) inotropic therapy, permanent atrial fibrillation (AF). A two-tailed P-value of < 0.05 was required for statistical significance. All analyses were conducted using SPSS 20.0 (SPSS, Inc., Chicago, Illinois) statistical package.
Results
Patient characteristics
Baseline characteristics are shown in Table 1 . A total of 
IDCM therapies and its temporal trends
Prescription rates of guideline-recommended drugs and devices in IDCM patients during the study period are presented in Figure 1 . The prescription rate of the following 
Factors affecting drug prescription in IDCM patients
Logistic regression analysis showed that admission to cardiology ward and device therapy were predictors of better implementation of guideline-directed drug therapy. While older age, SBP < 100 mmHg, HR < 60 bpm, LVEF ≥ 40%, CKD, COPD, IV inotropic therapy, admission to ICCU, and NYHA class IV were predictors of under-prescription of guideline-recommended drugs (Table 3) .
Prognosis of IDCM patients and its affecting factors
The mean follow-up was 35.2 months. All-cause mortality rate was around 31.4%. Multivariate Cox proportional hazards regression model and Kaplan-Meier analysis showed that patients with optimal GDMT had a longer survival than those without (Table 4, Figure 2 ). However, there was no temporal trend toward improvement in the overall long-term prognosis of IDCM patients throughout the study period ( Figure 3) . Furthermore, LVEF ≥ 40%, device therapy, and admission to a cardiology ward were independently associated with a better prognosis (Table 4, Figure 2 ). On the other hand, age ≥ 50 years, SBP < 100 mmHg, NYHA class IIIIV, IV inotropic therapy, and AF were shown to be independent predictors of poor prognosis (Table 4). Of note, analysis of baseline characteristics of patients lost to follow-up and those with frequent follow-up revealed that there were few differences between the two groups. Compared to patients with frequent follow-up, those lost to follow-up were younger (53 ± 14 vs. 56 ± 14) with slightly worse left ventricular function (31.7 ± 11.5 vs. 33.9 ± 12.8), moderately less chances to be admitted to a cardiology ward (71% vs.78.%) and higher AF occurrence rate (22.9% vs.17%). However, other features were similar in both patient groups (Table 5 ).
Discussion
The present study describes the temporal trends in the baseline characteristics and the prescription rate of guideline-recommended drugs, and its impact on the prognosis in patients with IDCM. The results of the present study identify an improvement in the prescription rates for guideline-recommended drugs, including ACEI/ARB, β-blockers, and aldosterone receptor antagonists. The study also demonstrates that the following patient category had an improved prognosis: patients with optimal GDMT, with LVEF ≥ 40%, with device therapy, and those admitted to a cardiology ward.
Heart failure treatment is continuously evolving and has led to incredible achievements during the past decades. The Data are presented as means ± SD or n (%). AF: atrial fibrillation; CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease; DBP: diastolic blood pressure; HR: heart rate; ICCU: intensive coronary care unit; IDCM: idiopathic dilated cardiomyopathy; LAD: left atrial diameter; LVEDD: left ventricular end-diastolic diameter; LVEF: left ventricular ejection fraction; MR: mitral regurgitation; NYHA: New York Heart Association; SBP: systolic blood pressure.
use of ACEI/ARB, β-blockers and aldosterone receptor antagonists has been established during the past 3 decades, following major RCTs [3] [4] [5] [6] [7] 16, 17] and their subsequent impact on international HF guidelines. [13, 15] In our study, the prescription rates of guideline-recommended drugs increased significantly throughout the study period; this is probably related to improved awareness of the disease and better knowledge of international guidelines and the results of major clinical trials. Similar to some previously published studies, [18, 19] we found that there is a marked increase in the rate of prescription of beta-blockers compared to other medications; this reflects the physicians' understanding of the important role of using beta blockers in HF management. Although prescription rates of recommended HF drugs have increased, the situation remained suboptimal for these drugs compared to the rates reported in landmark clinical trials. A HF team comprising cardiologists and well-trained HF nurses working under a standardized therapeutic and follow-up platform is mandatory for better implementation of guideline-recommended therapies. Several observational studies reported similar findings and demonstrated that the use of GDMT in the daily practice has not been consistent with the rates reported in major RCTs. [12, 19, 20] This finding, however, can be partially explained by the gaps that exist between the population characteristics of RCTs and daily practice HF populations. [20] Moreover, lower prescription rates of recommended therapies may be attributable to the adverse effects of HF medications and patients' co-morbidities, such as the higher hyperkalemia incidence that was reported after publication of the RALES study. [22] Nevertheless, physician-related factors cannot be excluded. A visit to a cardiologist, longer than 15 minutes has been reported to be associated with a better prescription of guideline-recommended HF medications. [20] Our multivariate analyses demonstrate that old age was a predictor of under-prescription of guideline-recommended drugs. This result is consistent with previous studies that reported advanced age of HF patients as a major contributing factor in lack of adherence to guidelines. [12, 19, 23] Furthermore, the prescription rate of HF drugs was less in patients with LVEF ≥ 40%. Similarly, a previous cohort study has demonstrated that HF medications were prescribed less frequently as the LVEF was more preserved. [19] The negative impact of LVEF ≥ 40% on the prescription rate of HF drugs is probably due to the fact that these patients have HF and a mid-range EF (HFmrEF) and tend to be less symptomatic resembling to some extent the clinical characteristics of patients with HF and preserved ejection fraction (HF-PEF) in which the contemporary HF drugs have not been shown to improve their outcome. [24, 25] Moreover, our results, which are similar to many previous studies, [12, 19, 26] suggest that prescription of HF drugs is reduced in patients with SBP < 100 mmHg, HR < 60 beats/min, COPD, CKD as well as in old and frail patients. This can be partially explained by these co-morbidities being relative contraindications to HF medications. On the other hand, our results show that patients admitted to cardiology ward, and those with device therapy had better implementation of guideline-recommended medical therapy. Apparently, cardiologists are more enthusiastic in prescribing HF medications. Regarding device therapy, the ICD/CRT implantation rate remained steady throughout the study period; this is probably due to the lack of health insurance coverage of these devices and the underestimation of their role in the treatment of DCM patients.
The present study demonstrated that patients with optimal GDMT with ACEI/ARB, β-blockers, and aldosterone receptor antagonists showed better survival than those without ( Figure 2 ). This finding is consistent with previous studies on Japanese and European patients; that patients managed with ACEI/ARBs and β-blockers showed a considerable relative risk reduction in cardiovascular mortality compared with those who were mainly treated with diuretics and digoxin. [8] [9] [10] Our results are also in agreement with other reports which have shown that adherence to HF medications significantly reduces mortality and re-admission rates to the hospital at 30 days. [27] Therefore, a better implementation of GDMT with the appropriate drug dosing is crucial for improving the survival of HF patients, including those with IDCM. Nevertheless, no temporal tends toward better prognosis was observed throughout the study period ( Figure 3 ). This can be explained by the suboptimal overall implementation of recommended therapies, the relatively short follow-up time and patients' frailty (the average LVEF was 33.4% ± 12.5%, and around 70% of enrolled patients were in NYHA IIIIV functional class).
In multivariate Cox regression model, several IDCM patient subgroups had better survival. In particular, admission to cardiology ward was associated with improved prognosis. This can be explained by that admission to a cardiology ward is associated with better treatment implementation (Table 3) . Furthermore, the improvement in prognosis was noted in patients with LVEF ≥ 40%. This finding is consistent with the previous studies which reported that improvement was observed in DCM patients with LVEF > 40%, but not in those with LVEF ≤ 40%, [10] and that in-hospital mortality was improved over time in HF patients with preserved LVEF, but not in those with reduced LVEF. [28] In addition to that, device therapy was also associated with better prognosis. In a previous meta-analysis of 6 randomized trials of device therapy for the treatment of HF, patients with ICDs alone and ICD+CRT had improved survival compared to no CRT-no ICD patients. [29] This is probably attributable to the positive impact of device therapy on improved implementation of pharmacological therapy in this patient group as shown in Table 3 , and the role of CRT in reversing left ventricular (LV) remodeling and ICD in preventing sudden cardiac death. [30] On the other hand, age ≥ 50 years, SBP < 100 mmHg, NYHA class IIIIV, IV inotropic therapy, and AF were shown to be independent predictors of poor prognosis. These factors are known indicators of worse cardiac function and limiting factors of treatment implementation, and subsequently poor prognosis.
Of note, most of the baseline characteristics were similar for both patients lost to follow-up and those with frequent follow-up (Table 5) . However, few variations were noticed between the two patients groups; patients lost to follow were younger with slightly lower LVEF and lower rates of admission to a cardiology ward as well as higher AF occurrence rates. The relatively younger age of patients lost to follow up which is an indicator of a better prognosis can, to some extent, counterbalance the negative effect of other factors on the prognosis. Moreover, lower rates of admission to a cardiology ward in patients lost to follow-up group may be a cause of being lost to follow-up in this patient group rather than being only a negative prognostic indicator.
It is notable that there was a trend toward admission of patients with less severe cardiac dysfunction and lower NYHA class, and trends toward increased admission to a cardiology ward with the years. This trend presumably suggests an improved understanding of the relevant guidelines regarding IDCM diagnosis and management, increased awareness of the disease and enhanced guideline-driven triage of patients when seeking medical care.
Limitations
Our findings should be interpreted in the light of several considerations: First, our study is a retrospective observational study at one center in south-west China; we need to be cautious when extrapolating the present findings to other cohorts. Second, we evaluated IDCM treatment based on the discharge medications from data collected by the hospital electronic medical record system. This may introduce a selection bias. Third, as with all observational studies, there remain potential confounding factors that we could not account for in our examination of treatment and outcome. Fourth, the relatively short follow-up period requires cautious interpretation of our regression estimates. Fifth, the data regarding the levels of plasma brain natriuretic peptide, medication doses and cardiovascular-related mortality lacked for the majority of patients, therefore, were not included in the analysis. Finally, only IDCM patients were included in our study; therefore, the results should not be extended to patients with other causes of impaired left ventricular function.
Conclusion
The study demonstrates an improvement in prescription rates of guideline-recommended medications in IDCM patients. Nevertheless, it remains suboptimal, and there is still some room for improvement. Many factors including age, specialist therapy, co-morbidity, and type of HF influenced the rate of prescription of the recommended medications. The prognosis of patients with optimal GDMT was better than those without. However, the most obvious improvement was observed in patients with LVEF ≥ 40%, device therapy, and those admitted to a cardiology ward. There was a trend toward admission of patients with less severe cardiac dysfunction and lower NYHA class, and trends toward increased admission to a cardiology ward over the study period.
